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INTRODUCTION 
In 1925  Fricke (1)  measured the capacity of a  suspension of red 
blood cells and from this computed the thickness of the cell  mem- 
brane.  This  computation involves  the  dielectric  constant  of  the 
membrane material which is not known, but was assumed by Fricke 
to be 3.  The value which he gives for the thickness of the membrane 
is  33  X  10  -8  cm., that is,  a  monomolecular membrane.  Recently 
DanieUi (2),  from electrical measurements on monomolecular films, 
has estimated that 3 would be a  very likely value for the dielectric 
constant of the red 'cell membrane.  However, he  agrees that from 
our present knowledge of the membrane  structure it might have a 
dielectric constant many times this value. 
Thus it is seen that at the present time it is not possible to make 
an accurate determination of the cell membrane thickness by capacity 
measurements.  However, since the thickness is inversely proportional 
to the capacity per cm.  2  of membrane, it should be possible to estimate 
changes in thickness by measurements on the changes  in  capacity. 
Experiments designed to  determine such changes have been carried 
out on red cells. 
In the first set of experiments normal red cells were made spherical 
by the addition of either lecithin or rose  bengal (3).  It is believed 
that the added substance is adsorbed to the membrane, and it might 
be  expected that  this  would make the membrane thicker.  In  the 
second set, the cells, first rendered spherical with rose bengal, were 
swollen in hypotonlc saline, causing approximately a  20 per cent in- 
crease in surface area:  this might be expected to make the membrane 
thinner. 
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EXPEI~IM~.NTAL PROCEDURE 
The electrical measurements were made by the method previously described 
(4), which consisted of using a Wheatstone bridge to indicate the electrical equiva- 
lence of the suspension with a salt solution of the same resistance in parallel to a 
variable air condenser.  The resistance of the salt solution is then the resistance of 
the suspension, and the capacity of the suspension is the capacity of the condenser 
plus the static capacity of the salt solution.  Care was taken to eliminate elec- 
trode polarization.  Measurements were made at a number of different frequencies, 
but the computations were all made with a frequency of 16 kilocycles per second, 
the other measurements merely being taken to make sure that the variation of 
capacity with frequency was the same as for normal blood. 
Having measured the capacity per cm.  2 of suspension  (C), specific resistance 
(R), and specific resistance of suspending fluid (Rt), it is possible by means of a 
formula developed by Cole (5) to compute the capacity for a 100 per cent volume 
concentration, namely: 
3C 
Fricke  (1)  has shown that it is then possible to compute the capacity per cm.  2 
of membrane (Co) by means of the formula 
~I~  per  cent 
aq 
where a is a factor' dependent on the shape of the ceil, and 2q is the length of the 
major axis of the ceil.  The thickness is given by the formula 
D  10 
t---  '.--.10  ~ 
4~-Co  9 
where D  is the dielectric constant.  The thickness will be in centimeters ff the 
value of Co is given in #f. 
In all cases the initial volume of the individual ceils is taken from measurements 
by Ponder (6).  For the swollen cells, it is a simple matter to compute the final 
cell volume, knowing the initial volume concentration, the exact amount of fluid 
added,  and  the  final  volume  concentration.  All  volume  concentrations  were 
determined by the electrical method (7). 
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EXPEI~IM~NTAL  RESULTS 
The results for the experiments performed to determine the effect 
on the membrane capacity of a change in shape showed in every case 
an increase in capacity upon being made spherical.  For example, in 
one experiment normal rabbit corpuscles, washed three times in 1 per 
cent NaC1, were found to have a membrane capacity of 0.91/~f./cm.  ~, 
and volume concentration of 34.4 per cent.  To this suspension was 
added 0.068  cc. of M/1000  rose bengal per cubic centimeter of sus- 
pension.  All  cells  appeared  spherical under the microscope.  The 
membrane capacity was measured to be 1.09 #f./cm.  2  The  average 
for the normal cells is 0.96 #f./cm.  2 4-  10 per cent  2 and for spherical 
cells 1.07 #f./cm.  ~ 4- 10 per cent. 
The experiments performed to  determine the change on swelling 
showed in each case a  slight decrease in capacity as the cells were 
swollen.  In  one  experiment the  cells  were made  spherical  as  de- 
scribed above and found to have a capacity of 0.99 #f./cm.  2, and a vol- 
ume concentration of 38.3  per cent.  To this suspension was  added 
0.60 cc. of 0.30 per cent NaC1 per cubic centimeter of suspension and 
the volume concentration was now found to be 30.5 per cent and the 
membrane capacity 0.87  #f./cm?  From the volume  concentrations 
it will be seen that there has been a  swelling of 27  per cent which 
represents an increase in area of 17 per cent. 
DISCUSSION 
Thus the values of Co for spherical cells are somewhat larger than 
those for normal cells.  It is not known whether this difference is real 
or not.  In the first place the formulae assume the normal red cell to be 
a perfect spheroid, and since it is not, a small error is introduced.  In 
the second place, if an appreciable number of cells in an experiment 
were not completely spherical, which seems entirely possible, then the 
value would appear higher even though there were no change.  It can 
be definitely stated, however, that there is no great change, and if there 
is a slight change, it is in the direction which would indicate that the 
2 The value of Co ffi 1.10 ~f./cm.2 for normal corpuscles previously published (4), 
was given on the assumption that there was no real capacity difference between 
normal and spherical cells, and that the value obtained for the spherical shape was 
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membrane is thinner.  When lecithin or rose bengal is added to  a 
suspension of red cells, the added substance is adsorbed by the mem- 
brane,  enough so  that it has been estimated that the membrane is 
covered by at least a monolayer of the substance.  It might easily be 
expected that this would show up in the capacity measurements as a 
thickening of the membrane.  Since this is not the case, it must be 
concluded that either there is a change in dielectric constant to com- 
pensate for the thickness change, or the membrane is so thick that the 
addition of a monolayer does not change its thickness appreciably, or 
that the added substance has such a high conductance or high dielectric 
constant that the electrical properties of the membrane are not ap- 
preciably affected by its presence. 
In the swelling experiments it might be expected that in view of the 
swelling and stretching of the membrane the capacity of the membrane 
should be larger.  The measurements, however, indicate a  slight de- 
crease.  Since the corpuscles are spherical both before and after swell- 
ing, the computations are more exact, and it is believed that the de- 
crease in  capacity is  real,  but just outside the experimental error. 
These results are in complete accord with the measurements  of Cole (8) 
who found that the membrane capacity for Hipponog eggs decreases 
on stretching by about the same amount as found here for red cells. 
However,  in  his  experiments  the  swelling  could be  carried  much 
further without injury to the cell, so that the decrease seemed more 
certain.  This would seem to indicate that as the cell swells the mem- 
brane does not stretch but new material comes from the interior of the 
cell to make a new portion of the membrane.  This is in accord with 
the theory of Ponder (9). 
The author is indebted to Drs. Eric Ponder and Hugo Fficke of this 
laboratory for assistance and cooperation in this work. 
SUMMARY 
Measurements of the static capacity per cm.  ~ of membrane for the 
red corpuscle as changed when the cells are made spherical by the 
addition of lecithin or rose bengal, show a slight increase of capacity, 
indicating a  thinning of the membrane, although the change is not 
large  enough to make it certain that it is  real.  Furthermore, the HOWARD  J. CLrRTIS  933 
membrane  capacity shows a  slight decrease when spherical  cells are 
swollen in hypotonic saline, indicating a thickening of the membrane, 
although  the change is hardly outside the experimental  error.  The 
fact that there is no increase in capacity lends support to the theory 
that as the cell swells the membrane does not stretch but new material 
comes from  the  interior  of the  cell  to  make  a  new  portion  of  the 
membrane. 
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